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infinitely ..small force and .infinitely small couple be applied to the other terminal along the axis, and in a plane perpendicular to it, and if the force and couple be increased to any degree, and always kept along and in the plane perpendicular to the axis of the altered spiral. It would, however, introduce useless complication to work out the details^ of the problem except for the case (§ 609) in which one of the principal axes coincides with the tangent to the central line, and is therefore an axis of pure torsion, as spiral springs in practice always belong to this case. On the other hand, a very interesting complication occurs if we suppose (what is easily realized in practice, though to be avoided if merely a good spring is desired) the normal section of the wire to be of such a figure, and so situated relatively to the spiral, that the planes of greatest and least flexural rigidity are oblique to the tangent plane of the cylinder. Such a spring when acted on in the regular manner at its ends must experience a certain degree- of turning through its whole length round its elastic central curve in order that the flexural couple developed may be, as we shall immediately see it must be, precisely in the osculating plane of the altered spiral. All that is interesting in' this very curious effect is illustrated later in full detail (§ 624 of our larger work) in the case of an open circular arc altered by a couple in its own plane, into a circular arc of greater or less radius ; and for brevity and simplicity we shall confine the detailed investigation of spiral springs on which we now enter, to the cases in which either the wire is of equal flexural rigidity in all directions, or the two principal planes of (greatest and least or .least and greatest) flexural rigidity coincide respectively with the tangent plane to the cylinder, and the normal plane touching the central curve of the wire, at any point.
615.    The axial force, on the movable terminal of the spring, transferred according  to  Poinsot to  any point in  the elastic central curve, gives' a couple in the plane through that point and the axis of the spiral.    The resultant of this and the couple which we suppose applied to the terminal in the plane perpendicular to the axis of the spiral is the effective bending and twisting couple : and as it is in a plane perpendicular to the tangent plane to the cylinder, the component of it to which bending is due must be also perpendicular to this plane, and therefore is in the osculating plane of the spiral.   This component couple therefore simply maintains a curvature different from the natural curvature of the wire, and the other, that is, the couple in the  plane normal   to  the central curve, pure torsion. The equations of equilibrium merely express this in mathematical language.
616.    The potential energy of the strained spring is
if A denote the torsional rigidity, £ the flexural rigidity in the plane of curvature, TZ and OTO the strained and unstrained curvatures, and To be at right angles to the line joining the centre of gravity of the beam with the fulcrum.    It ist circuit."   De Morgan, Cambridge and Dublin Mathematical Journal,'
